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(54) DISK RECORDER AND DISK REPRODUCER 
(57)Abstract: 

PURPOSE: To record different data transfer speed input data all together by rotating a 
disk at a rotating speed N-times as fast as a disk rotating speed corresponding to a 
max. transfer speed of an input data and recording the data corresponding to the 
transfer speed information of the input data. 

CONSTITUTION: The disk 1 is rotated at the rotating speed of N-times (for example, N 
= 1 ) as fast as the max. transfer speed of the input data via a spindle motor 2, an RF 
circuit 4 and a servo control circuit 1 1 . The number of revolutions (n) of trace is 
calculated by a system controller 12 based on the transfer speed information to be 
supplied via a terminal 21 or the transfer speed information to be supplied together 
with the input data via a terminal 20, i.e. a data transfer speed R, and the changeover 
of a switch circuit 9 and the movement of a head 3 in the radial direction of the disk 
are controlled, and an input data for one track during (n)-revolutions of the disk 1 is 
recorded via the switch circuit 9 and a modulation circuit 15 to the disk 1. 
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SPECIFICATION 



1. Title of the Invention 

DISK RECORDER AND DISK REPRODUCER 

2. Scope of Claim for Patent 

(1) A disk recorder comprising: 

driving means for causing a disk to rotate at a rotational 
speed N times a disk rotational speed corresponding to a maximum 
transfer rate of input data; 

a recording head for recording data by scanning a track on 
the disk; 

recording data forming means for converting the input data 
to recording data having a transfer rate N times the maximum transfer 
rate and, in addition, adding, to the recording data, transfer 
rate information of the input data on a track-by-track basis and 
supplying it to the recording head; and 

control means for controlling the number of times the 
recording head scans the same track based on the transfer rate 
information of the input data. 

(2) A disk reproducer that uses, as a recording medium, a disk 
on which data and transfer rate information of the data are recorded 
together on a track-by- track basis , the disk reproducer comprising : 

driving means for causing a disk to rotate at a rotational 



speed N times a disk rotational speed corresponding to a maximum 
transfer rate of reproduction data; 

a reproducing head for consecutively reproducing recorded 
data by scanning a track on the disk; 

data reproduction means for reproducing the reproduction 
data based on a reproduction signal from the reproducing head, 
and detecting transfer rate information of the reproduction data; 
and 

control means for controlling the number of times the 
reproducing head scans the same track based on the transfer rate 
information detected by the data reproduction means. 

3. Detailed Description of the Invention 

A. Technical Field of the Invention 

The present invention relates to a disk recorder and a disk 
reproducer, for example, to a disk recorder which is capable of 
recording various input data having different data transfer rates 
consecutively on a disk, and, for example, to a disk reproducer 
which is capable of outputting, from a disk on which are recorded 
various data which are transferred at different transfer rates 
when they are reproduced, reproduction data each having a transfer 
rate defined for the data. 

B. Summary of the Invention 

A disk recorder according to the present invention comprises : 



driving means for causing a disk to rotate at a rotational speed 
N times a disk rotational speed corresponding to a maximum transfer 
rate of input data; a recording head for recording data by scanning 
a track on the disk; recording data forming means for converting 
the input data to recording data having a transfer rate N times 
the maximum transfer rate and, in addition, adding, to the recording 
data, transfer rate information of the input data on a 
track-by-track basis and supplying it to the recording head; and 
control means for controlling the number of times the recording 
head scans the same track based on the transfer rate information 
of the input data, whereby various input data having different 
data transfer rates can be consecutively recorded on the disk. 

Also, a disk reproducer according to the present invention 
is a disk reproducer that uses, as a recording medium, a disk on 
which data and transfer rate information of the data are recorded 
together on a track-by-track basis, and comprises: driving means 
for causing a disk to rotate at a rotational speed N times a disk 
rotational speed corresponding to a maximum transfer rate of 
reproduction data; a reproducing head for consecutively 
reproducing recorded data by scanning a track on the disk; data 
reproduction means for reproducing the reproduction data based 
on a reproduction signal from the reproducing head, and detecting 
transfer rate information of the reproduction data; and control 
means for controlling the number of times the reproducing head 
scans the same track based on the transfer rate information detected 



by the data reproduction means, whereby reproduction data each 
having a transfer rate defined by the data can be outputted from 
a disk on which are recorded various data having different transfer 
rates at which the reproduction data are reproduced. 

C. Prior Art 

In recent years, there is a demand for disk drives (e.g., 
magnetic disk drives , optical dis k drives , etc.) which are capable 
of recording on a single disk various data (e.g., music program 
data, video program data, data for calculators, etc.) in a mixed 
manner, and which are also capable of reproducing various data 
recorded in a mixed manner such that each of the various data is 
reproduced at a data transfer rate defined for the data. 

For example, in the so-called CD-I (CD-Interactive) system, 
where other than audio information, image data, character data, 
and the like are simultaneously recorded on a so-called CD (Compact 
Disk) , seven modes are established as standards for audio 
information, as illustrated in FIG. 3, for example. In a CD-DA 
mode, which is equal to sound of CDs, a linear PCM (Pulse Code 
Modulation) involving a sampling frequency of 44.1 kHz and a 
quantization number of 16 bits is used; in an A level/stereo mode 
and an A level/monaural mode, which achieve a sound quality equal 
to that of LP records, an ADPCM (Adaptive Delta Pulse Code 
Modulation) involving a sampling frequency of 37.8 kHz and a 
quantization number of 8 bits is used; in a B level/stereo mode 



and a B level/monaural mode, which achieve a sound quality equal 
to that of FM broadcasting, an ADPCM involving a sampling frequency 
of 37.8 kHz and a quantization number of 4 bits is used; and in 
a C level/stereo mode and a C level/monaural mode, which achieve 
a sound quality equal to that of AM broadcasting, an ADPCM involving 
a sampling frequency of 18.9 kHz and a quantization number of 4 
bits is used. 

As illustrated in FIG. 3, as compared with the CD-DA mode: 
in the A level/stereo mode, the bit reduction rate is 1/2, data 
are recorded so-called every 2 selectors (a sign ■ indicates a 
selector on which data is recorded) , and the reproduction time 
for one disk is approximately 2 hours; in the A level/monaural 
mode, the bit reduction rate is 1/4, data is recorded every 4 
selectors, and the reproduction time is approximately 4 hours; 
in the B level/stereo mode, the bit reduction rate is 1/4, data 
are recorded every 4 selectors , and the reproduction time is 
approximately 4 hours; in the B level/monaural mode, the bit 
reduction rate is 1/8, data are recorded every 8 selectors, and 
the reproduction time is approximately 8 hours; in the C 
level/stereo mode, the bit reduction rate is 1/8 , data are recorded 
every 8 selectors, and the reproduction time is approximately 8 
hours; and in the C level/monaural mode, the bit reduction rate 
is 1/16, data are recorded every 16 selectors, and the reproduction 
time is approximately 16 hours. 

In the B level/stereo mode, for example, pieces of audio 



information are recorded every 4 selectors on a sector by sector 
basis in a discrete manner, from a first selector of the innermost 
track toward the outermost track, and after a piece of audio 
information is recorded on the outermost track, pieces of audio 
information are recorded every 4 selectors from a second selector 
of the innermost track toward the outermost track. In other words , 
the pieces of audio information are stored into the disk in this 
manner: the innermost the outermost , the innermost the outermost , 
the innermost -> the outermost, and the innermost the outermost. 
When audio information thus recorded is reproduced, while a 
reproducing head jumps (returns) from the outermost track to the 
innermost track, data is not reproduced, resulting in intermission 
of reproduced music. 

The data transfer rate of each mode is different : for example, 
the data transfer rate of the CD-DA mode is 75 sectors/second, 
and the data transfer rate of the B level/stereo mode is 18.75 
(75-r-4) selectors/second. In the case where various data having 
different data transfer rates are thus recorded on a single disk 
in a mixed manner, and the recorded data is reproduced, a method 
is conventionally used of providing a buff er area (transition area) 
between pieces of data having different transfer rates to change 
the rotational speed of the disk, in which in this buffer area 
the rotational speed of the disk is controlled to become the 
rotational speed corresponding to the transfer rate of the input 
data in accordance with the type of the transfer rate of the input 



data to perform data recording, and when the data thus recorded 
is reproduced, in the above-described buffer area, the rotational 
speed of the disk is controlled to become the rotational speed 
corresponding to the transfer rate of the reproduction data to 
perform data recording. 

In this method, however, the above-described buffer area 
is required, data capacity available for a user becomes decreased, 
and a control circuit is required for changing the rotational speed 
of the disk. 

D. Problems to be Solved by the Invention 

An object of the present invention, which is made in view 
of the above problems, is to provide a disk drive which is capable 
of efficiently recording various input data having different data 
transfer rates in a mixed manner, without requiring the 
above-described buffer area for changing the rotational speed of 
the disk or the above-described control circuit for changing the 
rotational speed of the disk. 

Another object of the present invention is to provide a disk 
reproducer which is capable of reproducing various data having 
mutually different data transfer rates recorded on a disk in a 
mixed manner such that each of the various data is reproduced at 
a data transfer rate defined for the data, without requiring the 
above-described buffer area for changing the rotational speed of 
the disk or the above-described control circuit for changing the 



rotational speed of the disk. 



E. Solution to the Problems 

A disk recorder according to the present invention solves 
the above problems by comprising: driving means for causing a disk 
to rotate at a rotational speed N times a disk rotational speed 
corresponding to a maximum transfer rate of input data; a recording 
head for recording data by scanning a track on the disk; recording 
data forming means for converting the input data to recording data 
having a transfer rate N times the maximum transfer rate and, in 
addition, adding, to the recording data, transfer rate information 
of the input data on a track-by-track basis and supplying it to 
the recording head; and control means for controlling the number 
of times the recording head scans the same track based on the transfer 
rate information of the input data. 

A disk reproducer according to the present invention, which 
is a disk reproducer that uses, as a recording medium, a disk on 
which data and transfer rate information of the data are recorded 
together on a track-by-track basis, solves the above problems by 
comprising: driving means for causing a disk to rotate at a 
rotational speed N times a disk rotational speed corresponding 
to a maximum transfer rate of reproduction data; a reproducing 
head for consecutively reproducing recorded data by scanning a 
track on the disk; data reproduction means for reproducing the 
reproduction data based on a reproduction signal from the 
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reproducing head, and detecting transfer rate information of the 
reproduction data; and control means for controlling the number 
of times the reproducing head scans the same track based on the 
transfer rate information detected by the data reproduction means . 

F . Mode of Operation 

A disk recorder according to the present invention causes 
a disk to rotate at a rotational speed N times a disk rotational 
speed corresponding to the maximum transfer rate of input data, 
converts the input data to recording data having a transfer rate 
N times themaximum transfer rate of the input data, and, inaddition, 
adds, to the recording data, transfer rate information of the 
input data on a track-by-track basis and supplies it to the recording 
head. Then, based on the transfer rate information of the input 
data, the number of times the recording head scans the same track 
is controlled and thus the recording data are recorded on the disk, 
whereby various input data having different data transfer rates 
are recorded on a single disk in a mixed manner. 

A disk reproducer according to the present invention uses 
a disk that uses, as a recording medium, a disk on which data and 
transfer rate information of the data are recorded together on 
a track-by-track basis; causes this disk to rotate at a rotational 
speed N times a disk rotational speed corresponding to the maximum 
transfer rate of reproduction data; and detects the transfer rate 
information of the reproduction data recorded on the disk. Then, 



based on the transfer rate information, the number of times the 
reproducing head scans the same track is controlled, whereby from 
a disk on which various data having different data transfer rates 
are recorded, respective data are reproduced at data transfer rates 
defined by the respective data. 

G. Embodiment 

Hereinafter, an embodiment of a disk recorder and a disk 
reproducer according to the present invention will be described 
with reference to the accompanying drawings. FIG. 1 is a block 
diagram illustrating an exemplary structure of a magneto-optical 
disk drive to which the disk recorder and the disk reproducer 
according to the present invention are applied. 

First, the structure of the magneto-optical disk drive as 
illustrated in FIG. 1 will be described. 

In FIG. 1, a disk 1 is rotated by a. spindle motor 2 at a 
constant rotational speed which is N times a disk rotational speed 
corresponding to a maximum transfer rate of input data supplied 
via a terminal 20 or of reproduction data to be outputted via the 
terminal 20. For example, N is set to 1, and it is rotated at 
a constant linear velocity (CLV) or at a constant angular velocity 
(CAV) . In this embodiment, N is assumed to be 1, hereinafter. 
The disk lis, for example, a magneto-opt ical disk, in which grooves 
formed in a spiral pattern or concentrically or land portions 
between grooves are used as recording tracks; various data 
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subjected to a predetermined modulation are recorded on these 
tracks by so-called magneto thermal recording; and these data 
recorded thereon are reproduced. Specifically, on the tracks, 
synchronization signals, address information, data, and the like 
are recorded alternately along the tracks according to a 
predetermined format; the synchronization signals are used to 
establish synchronization at the time of data recording and data 
reproduction; and the address information is used to manage data. 
On areas on which data is recorded, various data (e.g., data of 
a music program or a video program, etc.) are recorded together 
with transfer rate information corresponding to an error correction 
(ECC) code and the type of the recorded data. 

An optical head 3 is composed of, for example, a laser light 
source (e.g., a laser diode), an optic (e.g., a collimator lens, 
an objective lens, a polarization beam splitter, a cylindrical 
lens, etc. ) , a photo-detector divided so as to have a predetermined 
positional arrangement, and the like; when data is recorded on 
the disk 1, a laser beam from the laser light source is 
pulse-modulated by a laser driving circuit 16 under a magnetic 
field generated by the coil 17 based on recording data, and the 
resultant laser beam is applied to a recording surface of a target 
track of the disk 1, and data recording is performed by magneto 
thermal recording; and when data is reproduced from the disk 1, 
a laser beam is applied to a recording surface of a target track 
of the disk 1, and in conjunction with an RF circuit 4 having a 



matrix structure, a difference in polarizing angle (Keer rotation 
angle) between reflected lights from the recording surface is 
detected to generate a reproduction signal, and in addition, for 
example, a focus error signal is detected by a so-called astigmatism 
method, and, for example, a tracking error signal is detected by 
a so-called push-pull method. 

The RF circuit 4 binarizes the reproduction signal and 
supplies the resultant signal to a demodulation circuit 5, and, 
in addition, supplies the focus error signal and the tracking error 
signal to a servo control circuit 11. 

The demodulation circuit 5 is composed of, for example, a 
phase lock loop (hereinafter referred to as an "PLL") , a 
synchronization detection circuit, a demodulator, and the like. 
Specifically, the PLL reproduces from the binarized signal a clock 
signal recorded on the disk 1. The synchronization detection 
circuit uses the clock signal from the PLL to detect a 
synchronization signal from the binaraized signal, thereby 
bringing about synchronization, and in addition, performs 
synchronization protection for preventing synchronization from 
being broken when a synchronization signal cannot be detected 
because of influence of a drop-out, a jitter, or the like. The 
demodulator demodulates the binarized signal according to a 
predetermined demodulation method, and, for example, in addition 
to converting it into 8-bit-per-symbol reproduction data, detects 
the transfer rate information, which is recorded on the disk 1 
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together with data. The demodulation circuit 5 supplies the 
reproduction data to a data controller 6, and supplies information 
required for system control, such as the clock signal, the 
synchronization signal, the transfer rate information, orthelike, 
to a system controller 12. 

When reproducing data, under control of the system controller 
12, the data controller 6 temporarily stores the reproduction data 
from the demodulation circuit 5 into a memory 7, and controls the 
memory 7 and an error correction (ECC) circuit 8 so that the 
reproduction data temporarily stored in the memory 7 is subjected 
to error correction in the error correction circuit 8. The data 
controller 6 supplies the reproduction data subjected to error 
correction to a switch circuit 9. When recording data, the data 
controller 6 temporarily stores input data supplied via the switch 
circuit 9 into the memory 7 , and controls the memory 7 and the 
error correction circuit 8 so that an error correction code is 
added to the input data temporarily stored in the memory 7 in the 
error correction circuit 8. Then, the data controller 6 supplies 
the input data to which the error correction code has been added 
to a modulation circuit 15. In order to determine whether the 
input data has been recorded on the disk 1 properly, the data 
controller 6 also compares the input data stored in the memory 
7 with the reproduction data from the demodulation circuit 5, and 
supplies the comparison result to the system controller 12. 

When reproducing data, under control of the system controller 



12, the switch circuit 9 switches between outputting the 
reproduction data from the data controller 6 directly to the 
terminal 20 and outputting it to the terminal 20 via a one track 
memory 10; and when recording data, the switch circuit 9 switches 
between supplying the input data supplied via the terminal 20 
directly to the data controller 6 and supplying it to the data 
controller 6 via the one track memory 10. 

When reproducing data, the one track memory 10 temporarily 
stores reproduction data corresponding to one track which has been 
subjected to error correction and supplied from the data controller 
6, and, at the time when the optical head 3 starts moving to the 
next track, outputs the stored reproduction data via the switch 
circuit 9 and the terminal 20 such that the reproduction data is 
outputted at data transfer rates defined in accordance with the 
types of the reproduction data . When recording data, the one track 
memory 10 accumulates input data consecutively supplied via the 
switch circuit 9, and, at the time when input data corresponding 
to one track has been accumulated, supplies the stored input data 
corresponding to one track to the data controller 6 via the switch 
circuit 9. Specifically, for example, the one track memory 10 
is composed of a first memory and a second memory each of which 
has a capacity for one track; and when reproducing data, data which 
is reproduced while the optical head 3 scans one track is stored 
in the first memory, and in addition, data which has been stored 
in the second memory while the optical head 3 scanned the previous 



track is outputted as reproduction data via the terminal 20 at 
defined data transfer rates . Also, while data which is reproduced 
from the disk 1 is being stored in the second memory, data stored 
in the first memory is outputted as reproduction data via the 
terminal 20 at defined data transfer rates. Such alternate use 
of the first memory and the second memory results in consecutive 
output of the reproduction data which is outputted from the one 
track memory 10 via the terminal 20. Meanwhile, when recording 
data, while input data corresponding to one track which is 
consecutively supplied is being accumulated in the first memory, 
input data corresponding to one track which has been accumulated 
in the second memory is supplied to the data controller 6. Also, 
while input data corresponding to one track is being accumulated 
in the second memory, input data corresponding to one track which 
has been accumulated in the first memory is supplied to the data 
controller 6 . Such alternate use of the first memory and the second 
memory makes it possible to supply the input data which is 
consecutively supplied via the terminal 20 to the data controller 
6 via the switch circuit 9 without loss. 

The modulation circuit 15 applies a predetermined modulation 
to the input data to which has been added the error correction 
code and which is supplied from the data controller 6 by employing, 
e.g., a clock signal from the system controller 12 to convert it 
into recording data having a transfer rate equal to the maximum 
transfer rate of the input data, and, in addition, makes an addition 



of transfer rate information from the system controller 12, and 
supplies the recording data to which the transfer rate information 
has been added to the laser driving circuit 16. 

The laser driving circuit 16 pulse-modulates the laser light 
source of the optical head 3 based on the recording data under 
the magnetic field generated by the coil 17, as described earlier. 
As a result, data are recorded on the tracks of the disk 1. 

The servo control circuit 11 is composed of, for example, 
a focus servo control circuit, a tracking servo control circuit, 
a spindle motor servo control circuit, a thread servo control 
circuit, and the like. Specifically, the focus servo control 
circuit drives the objective lens of the optical head 3 in the 
direction of an optical axis so that the focus error signal from 
the RF circuit 4 becomes zero. The tracking servo control circuit 
drives the objective lens of the optical head 3 in the radial 
direction of the disk so that the tracking error signal from the 
RF circuit 4 becomes zero . The spindle motor servo control circuit 
controls the spindle motor 2 so that the PLL of the demodulation 
circuit 5 is locked. The thread servo control circuit moves the 
optical head 3 in the radial direction of the disk based on a control 
signal from the system controller 12. The servo control circuit 
11 thus constructed supplies to the system controller 12 
information indicating operation states of respective sections 
controlled by the servo control circuit 11. 

The system controller 12 controls the demodulation circuit 



5, the data controller 6, the memory 7, the error correct ion circuit 
8, the switch circuit 9, the one track memory 10, the servo control 
circuit 11, the modulation circuit 15, and the coil 17, as described 
above, by using operation status information as to the respective 
sections supplied from the servo control circuit 11, information 
required for system control supplied from the demodulation circuit 
5, and transfer rate information supplied via a terminal 21 or 
the transfer rate information which is supplied together with the 
input data via the terminal 20. 

Thus, in the present embodiment , at the time of data recording, 
driving means for rotating the disk 1 at a rotational speed N times 
the disk rotadional speed corresponding to the maximum transfer 
rate of the input data is formed by the spindle motor 2, the RF 
circuit 4, and the servo control circuit 11; the optical head 3 
is employed as a recording head for recording data by scanning 
the tracks of the disk 1 ; recording data forming means for converting 
the input data into recording data having a transfer rate N times 
the maximum transfer rate of the input data and, in addition, adding 
the transfer rate information of the input data to the recording 
data on a track-by-track basis and supplying the resultant data 
to the optical head 3 is formed by the data controller 6, the memory 
7, the error correction circuit 8, the modulation circuit 15, and 
the laser driving circuit; and control means for controlling the 
number of times the optical head 3 scans one track based on the 
transfer rate information of the input data is formed by the servo 



control circuit 11 and the system controller 12. 

At the time of data reproduction, the disk 1 is employed 
as a disk on which is recorded data and the transfer rate information 
of the data on a track-by-track basis; driving means for rotating 
the disk 1 at the rotational speed N times the disk rotational 
speed corresponding to the maximum transfer rate of the 
reproduction data is formed by the spindle motor 2, the RF circuit 
4, and the servo control circuit 11; the optical head 3 is employed 
as a reproducing head for reproducing data which is consecutively 
recorded by scanning the tracks of the disk; data reproduction 
means for reproducing the reproduction data based on a reproduction 
signal from the optical head 3 and, in addition, detecting the 
transfer rate information of the reproduction data is formed by 
the RF circuit 4 to the error correction circuit 8; and control 
means for controlling the number of times the optical head 3 scans 
one track based on the transfer rate information detected by the 
data reproduction means is formed by the servo control circuit 
11 and the system controller 12. 

Next, an operation that is performed when data is recorded 
on a magneto-optical disk drive constructed as above will be 
described . 

Assume here that the rotational speed of the disk 1 is 1800 
rpm, that one track of the disk 1 is composed of 10 sectors (i.e. , 
10 sectors/track) , that one sector is composedof 98 segments (i.e. , 
98 segments/sector) , and that data capacity within one segment 
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usable by a user is 2 4 bytes. That is, if N=l as described above, 
the maximum data transfer rate for data that is supplied via the 
terminal 20 is 300 (1800^60x10) sectors/second. The transfer rate 
of the input data which is supplied via the terminal 20 is defined 
in accordance with the data type thereof, and if the value thereof 
is expressed as R sectors/second, the number of times (hereinafter 
referred to as a "trace number") n the disk 1 is required to rotate 
for data corresponding to one track (i.e., 10 sectors ) to be inputted 
is 300+R. 

For example, if the transfer rate of the input data that 
is supplied via the terminal 20 is 300 sectors/second, the trace 
number n is "1". Also, for example, if the input data that is 
supplied via the terminal 20 is data according to the CD-DA mode 
in the so-called CD-I (CD-Interactive media) , since the data 
transfer rate R as defined for the CD-DA mode is 75 sectors/second, 
the trace number n is "4". Also, for example, if the input data 
is data according to the B level/stereo mode, which data is obtained 
by compressing data according to the CD-DA mode in the CD-I by 
a factor of 4, since the data transfer rate R as defined for the 
B level/stereo mode is 18.75 sectors/second, the trace number n 
is "16". 

In FIG. 1, the system controller 12 calculates the trace 
number n based on the transfer rate information supplied via the 
terminal 21 or the transfer rate information supplied together 
with the input data via the terminal 20 as described above, i.e. , 
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based on the data transfer rate R, and controls switching in the 
switch circuit 9 and movement of the optical head 3 in the radial 
direction of the disk. Then, while the disk 1 rotates n times, 
it consecutively stores, into a target track, input data 
corresponding to one track accumulated in the one track memory 
10. 

Specifically, in the case where the transfer rate information 
supplied via the terminal 21 or the transfer rate information 
supplied together with the input data via the terminal 20 indicates 
300 sectors/second, for example, the system controller 12 controls 
the switch circuit 9 so that, in the switch circuit 9, a contact 
9a is connected to a contact 9c, and a contact 9d is connected 
to a contact 9f; controls the servo control circuit 11 so that 
the optical head 3 moves to the next track each time the disk 1 
rotates by 360 degrees; and, in addition, supplies the transfer 
rate information to the modulation circuit 15 in order to control 
the transfer rate of reproduction data at the time of data 
reproduction. As a result, input data corresponding to one track, 
which are consecutively supplied via the terminal 20 at the data 
transfer rate R of 300 sectors/second each time the disk 1 rotates 
by 360 degrees, are subjected to a predetermined modulation or 
the like, and then consecutively recorded on the disk 1 together 
with the transfer rate information for controlling the transfer 
rate of the reproduction data. 

Also, in the case where the transfer rate information 
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supplied via the terminal 21 or the terminal 20 indicates 75 
sectors/second, for example, the system controller 12 controls 
the switch circuit 9 so that, in the switch circuit 9, the contact 
9a is connected to a contact 9b, and the contact 9f is connected 
to a contact 9e; controls the one track memory 10 such that input 
data corresponding to one track which are consecutively supplied 
are accumulated alternately in the first memory and second memory 
of the one track memory 10, and at the time when input data 
corresponding to one track have been accumulated in each memory, 
the accumulated input data corresponding to one track are read 
out and supplied to the data controller 6; controls the servo control 
circuit 11 so that each time the disk 1 rotates by 360 degrees 
four times, the optical head 3 moves to the next track; and, in 
addition, supplies the transfer rate information to the modulation 
circuit 15 in order to control the transfer rate of the reproduction 
data at the time of data reproduction. As a result, input data 
corresponding to one track, which are supplied via the terminal 
20 every time the disk 1 rotates by 360 degrees four times at 75 
sectors/second, are subjected to a predetermined modulation or 
the like, converted to recording data having a data transfer rate 
of 300 sectors/second, and consecutively recorded on the disk 1 
together with the transfer rate information. Note that, for 
example, when input data accumulated in the first memory of the 
one track memory 10 are recorded onto a target track of the disk 
1, until input data for the next track are accumulated into the 



second memory of the one track memory 10 and the recording of the 
input data accumulated in the second memory onto the next track 
is started, i.e., while the disk 1 rotates by 360 degrees four 
times, the input data accumulated in the first memory is reproduced 
to verify whether the recording of the input data has been performed 
properly, and if the data recording has not performed properly, 
data recording onto the same track is performed again. 

Also, in the case where the transfer rate information 
supplied via the terminal 21 or the terminal 20 indicates 18.75 
sectors/second, for example, the system controller 12 controls 
the switch circuit 9 so that, in the switch circuit 9, the contact 
9a is connected to the contact 9b and the contact 9f is connected 
to the contact 9e; controls the one track memory 10 so that input 
data corresponding to one track which are consecutively supplied 
are accumulated alternately into the first memory and secondmemory 
of the one track memory 10, and at the time when input data 
corresponding to one track have been accumulated in each memory, 
the accumulated input data corresponding to one track are read 
out and supplied to the data controller 6 ; controls the servo control 
circuit 11 so that the optical head 3 moves to the next track each 
time the disk 1 rotates by 360 degrees sixteen times ; and, in addition, 
supplies the transfer rate information to the modulation circuit 
15 in order to control the transfer rate of the reproduction data 
at the time of data reproduction. As a result, input data 
corresponding to one track, which are supplied via the terminal 
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20 at 18.75 sectors/second each time the disk 1 rotates by 360 
degrees sixteen times, are subjected to a predetermined modulation 
or the like, converted to recording data with 300 sectors/second, 
and consecutively recorded onto the disk 1 together with the 
transfer rate information. Note that, while the disk 1 rotates 
by 360 degrees sixteen times, similar to the above, a data 
reproduction operation and verification are repeatedly performed 
until input data corresponding to one track which are accumulated 
in the first memory or second memory of the one track memory 10 
have become recorded properly. 

As described above, the disk 1 is caused by the spindle motor 
2 to rotate at a disk rotational speed (N=l) corresponding to the 
maximum transfer rate of the input data; the input data is converted 
in the modulation circuit 15 to the recording data having a transfer 
rate equal to the maximum transfer rate (N=l) of the input data; 
and, in addition, the transfer rate information of the input data 
which are supplied via the terminal 20 or the terminal 21 is added 
on a track-by-track basis. Then, by controlling the number of 
times the optical head 3 scans the same track based on the transfer 
rate information and storing the recording data into a target track, 
it is made possible to consecutively record the input data such 
that there will be no selectors on which no data is recorded, in 
contrast to the case of data in the conventional B level/stereo 
mode where data are recorded every 4 selectors as illustrated in 
FIG. 2., for example. Also, controlling the number of times the 
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optical head 3 scans the same track based on the transfer rate 
information of the input data makes it possible to consecutively 
record onto the disk 1 various types of input data having different 
data transfer rates; and further, even if the optical head 3 suffers 
an off-track because of vibration or the like, for example, data 
can be properly recorded onto a target track of the disk 1 if only 
the optical head 3 properly scans the target track at least once. 

Next, an operation which is performed when data is reproduced 
from the magneto-optical disk drive illustrated in FIG. 1 will 
be described. 

As with the case of the data recording operation described 
above, assume here that the rotational speed of the disk 1 is 1800 
rpm, that one track of the disk 1 is composed of 10 sectors (i.e. , 
10 sectors /track) , that one sector is composed of 98 segments (i.e. , 
98 segments/sector) , and that data capacity within one segment 
usable by a user is 24 bytes. That is, if N=l as described above, 
the maximum data transfer rate for data that is outputted via the 
terminal 20 is 300 (1800^60*10) sectors/second. The transfer rate 
of the reproduction data which is outputted via the terminal 20 
is defined in accordance with the data type thereof, and if the 
value thereof is expressed as R sectors/second, the number of times 
(hereinafter referred to as a "trace number' 7 ) n the disk 1 is required 
to rotate for outputting data corresponding to one track (i.e., 
10 sectors) is 300+R. 

For example, if data recorded on the disk 1 is data whose 



data transfer rate R when the data is reproduced and outputted 
via the terminal 20 is 300 sectors/second, the trace number n is 
"1" . Also, for example, if the data recorded on the disk 1 is 
data according to the CD- DA mode in the CD-I , since the data transfer 
rate R as defined for the CD-DA mode is 75 sectors/second, the 
trace number n is "4". Also, for example, if the data recorded 
on the disk 1 is data according to the B level/stereo mode in the 
CD-I , since the data transfer rate R as defined for the B level /stereo 
mode is 18.75 sectors/second, the trace number n is "16". 

In FIG. 1, the system controller 12 calculates the trace 
number n based on the transfer rate information detected by the 
demodulation circuit 5, the transfer rate information having been 
recorded together with data on a track-by-track basis at the time 
of data recording as described above, i.e., based on the data 
transfer rate R, and controls switching in the switch circuit 9 
and the movement of the optical head 3 in the radial direction 
of the disk. 

Specifically, in the case where the transfer rate information 
from the demodulation circuit 5 indicates 300 sectors/second, for 
example, the system controller 12 controls the switch circuit 9 
so that, in the switch circuit 9, the contact 9a is connected to 
the contact 9c and the contact 9d is connected to the contact 9f ; 
and, in addition, controls the servo control circuit 11 so that 
the optical head 3 moves to the next track each time the disk 1 
rotates by 360 degrees. As a result, the reproduction data which 
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is reproduced each time the disk 1 rotates by 360 degrees are 
consecutively outputted via the terminal 20 at a data transfer 
rate of 300 sectors/second. 

Also, in the case where the transfer rate information from 
the demodulation circuit 5 indicates 75 sectors /second, for example, 
the system controller 12 controls the switch circuit 9 so that, 
in the switch circuit 9, the contact 9a is connected to the contact 
9b and the contact 9f is connected to the contact 9e; controls 
the servo control circuit 11 so that the optical head 3 moves to 
the next track each time the disk 1 rotates by 360 degrees four 
times; and, in addition, controls the one track memory 10 such 
that each time the optical head 3 moves by one track, reproduction 
data corresponding to one track, which are reproduced by the optical 
head 3 scanning the same track four times, is alternately recorded 
onto the first memory and second memory of the one track memory 
10, and the reproduction data recorded on each memory will be 
outputted at a data transfer rate of 75 sectors/second. As a result, 
reproduction data corresponding to one track, which are reproduced 
each time the disk 1 rotates by 360 degrees four times, are 
consecutively outputted via the terminal 20 at a data transfer 
rate of 75 sectors/second. Note that while, for example, the 
reproduction data recorded on the first memory of the one track 
memory 10 are being outputted, i.e., while the optical head 3 scans 
the next track four times to store reproduction data into the second 
memory, even if an off-track of the optical head 3 occurs because 
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of vibration or the like, for example, the reproduction data can 
be properly stored in the second memory if only the optical head 
3 scans the relevant track properly at least once. 

Also, in the case where the transfer rate information from 
the demodulation circuit 5 indicates 18.75 sectors/second, for 
example, the system controller 12 controls the switch circuit 9 
so that, in the switch circuit 9, the contact 9a is connected to 
the contact 9b and the contact 9f is connected to the contact 9e; 
controls the servo control circuit 1 so that the optical head 3 
moves to the next track each time the disk 1 rotates by 360 degrees 
sixteen times; and, in addition, controls the one track memory 
10 such that each time the optical head 3 moves by one track, 
reproduction data corresponding to one track, which have been 
reproduced by the optical head 3 scanning the same track sixteen 
times, are recorded alternately onto the first memory and second 
memory of the one trackmemory 10 , and the reproduction data recorded 
on each memory will be outputted at a data transfer rate of 18.75 
sectors/second. As a result, reproduction data corresponding to 
one track, which are reproduced each time the disk 1 rotates by 
360 degrees sixteen times, are consecutively outputted via the 
terminal 20 at a data transfer rate of 18 . 75 sectors/second. Note 
that while, for example, the reproduction data recorded on the 
first memory of the one track memory 10 is being outputted, i.e. , 
while the optical head 3 scans the next track sixteen times to 
store reproduction data into the secondmemory , even if an off-track 
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of the optical head 3 occurs because of vibration or the like, 
for example, the reproduction data can be properly stored in the 
second memory if only the optical head 3 scans the relevant track 
properly at least once. 

As described above, the disk 1 is caused by the spindle motor 
2 to rotate at a disk rotational speed (N=l) corresponding to the 
maximum transfer rate of the reproduction data; the transfer rate 
information recorded on the disk 1 is detected in the demodulation 
circuit 5; and the number of times the optical head 3 scans the 
same track is controlled based on the transfer rate information 
and data reproduction is performed. This makes it possible to 
consecutively output the reproduction data at a data transfer rate 
in accordance with the type of the data, i.e., at a data transfer 
rate defined by the type of the data. Even if an off-track of 
the optical head 3 occurs because of vibration or the like, for 
example, the data can be reproduced properly if only the optical 
head 3 scans a target track properly at least once while it scans 
the same track n number of times. 

It is to be appreciated that the present invention is not 
limited to the above-described embodiment, and can naturally be 
applied to, for example, a so-called CD-ROM, a write-once optical 
disk drive, an optical memory card, a magnetic disk drive, or the 
like. The present invention can also be applied to a disk drive 
which uses a disk which rotates at a constant linear velocity (CAV) . 

In the case where tracks are formed on the disk 1 in a spiral 
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pattern, each time the optical head 3 has scanned a track, the 
optical head 3 is caused to jump by one track to the previous track, 
so that the same track is scanned n number of times. Also, the 
above-described transfer rate information may be recorded on an 
area on which a so-called directory is recorded or on a so-called 
ID area within a track. 

H. Effect of the Invention 

As is clear from the foregoing descriptions, in a disk 
recorder according to the present invention, the driving means 
is used to cause a disk to rotate at a rotational speed N times 
the disk rotational speed corresponding to the maximum transfer 
rate of the input data; the recording data forming means is used 
to convert the input data to recording data having a transfer rate 
N times the maximum transfer rate of the input data and, in addition, 
to add, to the recording data, the transfer rate information of 
the input data on a track-by-track basis and supply it to the 
recording head; and the control means is used to control, based 
on the transfer rate information, the number of times the recording 
head scans the same track to perform data recording. This makes 
it possible to consecutively record the input data such that there 
will be no selectors on which no input data is recorded, in contrast 
to the case of, for example, data in the conventional B level/stereo 
mode, where data is recorded every 4 selectors. In addition, 
controlling the number of times the recording head scans the same 
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track based on the transfer rate information of the input data 
makes it possible to consecutively record, onto tracks of the disk, 
various types of input data having different data transfer rates, 
with no need for a buffer area for changing the rotational speed 
of the disk or a control circuit for changing the rotational speed 
of the disk as in conventional disk recorders. That is, a disk 
recorder is realized that has a simpler circuit structure and a 
large capacity usable by a user. 

Further, even if an off-track of the recording head occurs 
because of vibration or the like, for example, data can be properly 
recorded on a target track of the disk if only the recording head 
scans the target track properly at least once. 

Also, in a disk reproducer according to the present invention, 
a disk is used on which data and the transfer rate information 
of the data are recorded on a track-by-track basis; the driving 
means is used to cause the disk to rotate at a rotational speed 
N times the disk rotational speed corresponding to the maximum 
transfer rate of the reproduction data; the data reproduction means 
is used to reproduce the reproduction data and, in addition, detect 
the transfer rate information of the reproduction data; and the 
control means is used to control the number of times the reproducing 
head scans the same track based on the transfer rate information 
to perform data reproduction. This makes it possible to 
consecutively reproduce various data having mutually different 
data transfer rates, which are recorded on the disk in a mixed 
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manner, such that each data is reproduced at a data transfer rate 
defined by the data, with no need for a buffer area for changing 
the rotational speed of the disk or a control circuit for changing 
the rotational speed of thediskasin conventional disk reproducers . 
That is, a disk reproducer is realized that has a simpler circuit 
structure and a large capacity usable by a user. Also, even if 
an off-track of the reproducing head occurs because of vibration 
or the like, for example, data can be reproduced properly if only 
the reproducing head scans a target track properly at least once 
while the reproducing head scans the same track n number of times, 

4. Brief Description of the Drawings 

FIG . 1 is a block diagram illustrating an exemplary structure 
of a magneto-optical disk drive to which are applied a disk recorder 
and a disk reproducer according to the present invention; FIG. 
2 is a diagram illustrating a format used in the present invention; 
and FIG. 3 is a diagram illustrating formats for the CD-I. 

1 •■• disk 

2 •*• spindle motor 

3 ••• optical head 

4 ••■ RF circuit 

5 demodulation circuit 

6 ••• data controller 

7 memory 
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laser driving circuit 
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FULL-TEXT CORRECTED SPECIFICATION 

1. Title of the Invention 

DISK RECORDER AND DISK REPRODUCER 

2. Scope of Claim for Patent 

(1) A disk recorder comprising: 

driving means for causing a disk to rotate at a rotational 
speed N times a disk rotational speed corresponding to a maximum 
transfer rate of input data; 

a recording head for recording data by scanning a track on 
the disk; 

recording data forming means for converting the input data 
to recording data having a transfer rate N times the maximum transfer 
rate and, in addition, adding, to the recording data, transfer 
rate information of the input data on a track-by-track basis and 
supplying it to the recording head; and 

control means for controlling the number of times the 
recording head scans the same track based on the transfer rate 
information of the input data. 

(2) A disk reproducer that uses, as a recording medium, a disk 
on which data and transfer rate information of the data are recorded 
together on a t rack-by- track basis , the disk reproducer comprising : 

driving means for causing a disk to rotate at a rotational 
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speed N times a disk rotational speed corresponding to a maximum 
transfer rate of reproduction data; 

a reproducing head for consecutively reproducing recorded 
data by scanning a track on the disk; 

data reproduction means for reproducing the reproduction 
data based on a reproduction signal from the reproducing head, 
and detecting transfer rate information of the reproduction data; 
and 

control means for controlling the number of times the 
reproducing head scans the same track based on the transfer rate 
information detected by the data reproduction means. 

3. Detailed Description of the Invention 

A. Technical Field of the Invention 

The present invention relates to a disk recorder and a disk 
reproducer, for example, to a disk recorder which is capable of 
recording various input data having different data transfer rates 
consecutively on a disk, and, for example, to a disk reproducer 
which is capable of outputting, from a disk on which are recorded 
various data which are transferred at different transfer rates 
when they are reproduced, reproduction data each having a transfer 
rate defined for the data. 

B. Summary of the Invention 

A disk recorder according to the present invention comprises : 



driving means for causing a disk to rotate at a rotational speed 
N times a disk rotational speed corresponding to a maximum transfer 
rate of input data; a recording head for recording data by scanning 
a track on the disk; recording data forming means for converting 
the input data to recording data having a transfer rate N times 
the maximum transfer rate and, in addition, adding, to the recording 
data, transfer rate information of the input data on a 
track-by-track basis and supplying it to the recording head; and 
control means for controlling the number of times the recording 
head scans the same track based on the transfer rate information 
of the input data, whereby various input data having different 
data transfer rates can be consecutively recorded on the disk. 

Also, a disk reproducer according to the present invention 
is a disk reproducer that uses, as a recording medium, a disk on 
which data and transfer rate information of the data are recorded 
on a track-by-track basis, and comprises : driving means for causing 
a disk to rotate at a rotational speed N times a disk rotational 
speed corresponding to a maximum transfer rate of reproduction 
data; a reproducing head for consecutively reproducing recorded 
data by scanning a track on the disk; data reproduction means for 
reproducing the reproduction data based on a reproduction signal 
from the reproducing head, and detecting transfer rate information 
of the reproduction data; and control means for controlling the 
number of times the reproducing head scans the same track based 
on the transfer rate information detected by the data reproduction 



means, whereby reproduction data each having a transfer rate 
defined by the data can be output ted from a disk on which are recorded 
various data having different transfer rates at which the 
reproduction data are reproduced. 

C. Prior Art 

In recent years, there is a demand for disk drives (e.g., 
magnetic disk drives, optical disk drives , etc.) which are capable 
of recording on a single disk various data (e.g., music program 
data, video program data, data for calculators, etc.) in a mixed 
manner, and which are also capable of reproducing various data 
recorded in a mixed manner such that each of the various data is 
reproduced at a data transfer rate defined for the data. 

For example, in the so-called CD-I (CD-Interactive media) 
system, where other than audio information, image data, character 
data, and the like are simultaneously recorded on a so-called CD 
(Compact Disk) , seven modes are established as standards for audio 
information, as illustrated in FIG. 3, for example. In a CD-DA 
mode, which is equal to sound of CDs, a linear PCM (Pulse Code 
Modulation) involving a sampling frequency of 44.1 kHz and a 
quantization number of 16 bits is used; in an A level/stereo mode 
and an A level/monaural mode, which achieve a sound quality equal 
to that of LP records, an ADPCM (Adaptive Delta Pulse Code 
Modulation) involving a sampling frequency of 30.8 kHz and a 
quantization number of 8 bits is used; in a B level/stereo mode 



and a B level/monaural mode, which achieve a sound quality equal 
to that of FM broadcasting, an ADPCM involving a sampling frequency 
of 30.8 kHz and a quantization number of 4 bits is used; and in 
a C level/stereo mode and a C level/monaural mode, which achieve 
a sound quality equal to that of AM broadcasting, an ADPCM involving 
a sampling frequency of 18.9 kHz and a quantization number of 4 
bits is used. 

As illustrated in FIG. 3, as compared with the CD-DA mode: 
in the A level/stereo mode, the bit reduction rate is 1/2, data 
are recorded so-called every 2 sectors (a sign ■ indicates a sector 
on which data is recorded) , and the reproduction time for one disk 
is approximately 2 hours; in the A level/monaural mode, the bit 
reduction rate is 1/4, data is recorded every 4 sectors, and the 
reproduction time is approximately 4 hours; in the B level/stereo 
mode, the bit reduction rate is 1/4, data are recorded every 4 
sectors, and the reproduction time is approximately 4 hours; in 
the B level/monaural mode, the bit reduction rate is 1/8, data 
are recorded every 8 sectors, and the reproduction time is 
approximately 8 hours; in the C level/stereomode, the bit reduction 
rate is 1/8, data are recorded every 8 sectors , and the reproduction 
time is approximately 8 hours; and in the C level/monaural mode, 
the bit reduction rate is 1/16, data are recorded every 16 sectors, 
and the reproduction time is approximately 16 hours. 

In the B level/stereo mode, for example, pieces of audio 
information are recorded every 4 sectors on a sector by sector 



basis in a discrete manner, from a first sector of the innermost 
track toward the outermost track, and after a piece of audio 
information is recorded on the outermost track, pieces of audio 
information are recorded every 4 sectors from a second sector of 
the innermost track toward the outermost track. In other words, 
the pieces of audio information are stored into the disk in this 
manner: the innermost — the outermost , the innermost — the outermost , 
the innermost -> the outermost, and the innermost — the outermost. 
When audio information thus recorded is reproduced, while a 
reproducing head jumps (returns) from the outermost track to the 
innermost track, data is not reproduced, resulting in intermission 
of reproduced music. 

The data transfer rate of each mode is different : for example, 
the data transfer rate of the CD-DA mode is 75 sectors/second, 
and the data transfer rate of the B level/stereo mode is 18.75 

(75-r-4) sectors/second. In the case where various data having 
different data transfer rates are thus recorded on a single disk 
in a mixed manner, and the recorded data is reproduced, a method 
is conventionally used of providing a buffer area (transition area ) 
between pieces of data having different transfer rates to change 
the rotational speed of the disk, in which in this buffer area 
the rotational speed of the disk is controlled to become the 
rotational speed corresponding to the transfer rate of the input 
data in accordance with the type of the transfer rate of the input 
data to perform data recording, and when the data thus recorded 



is reproduced, in the above-described buffer area, the rotational 
speed of the disk is controlled to become the rotational speed 
corresponding to the transfer rate of the reproduction data to 
perform data recording. 

In this method, however, the above-described buffer area 
is required, data capacity available for a user becomes decreased, 
and a control circuit is required for changing the rotational speed 
of the disk. 

D. Problems to be Solved by the Invention 

An object of the present invention, which is made in view 
of the above problems, is to provide a disk drive which is capable 
of efficiently recording various input data having different data 
transfer rates in a mixed manner, without requiring the 
above-described buffer area for changing the rotational speed of 
the disk or the above-described control circuit for changing the 
rotational speed of the disk. 

Another object of the present invention is to provide a disk 
reproducer which is capable of reproducing various data having 
mutually different data transfer rates recorded on a disk in a 
mixed manner such that each of the various data is reproduced at 
a data transfer rate defined for the data, without requiring the 
above-described buffer area for changing the rotational speed of 
the disk or the above-described control circuit for changing the 
rotational speed of the disk. 
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E. Solution to the Problems 

A disk recorder according to the present invention solves 
the above problems by comprising: driving means for causing a disk 
to rotate at a rotational speed N times a disk rotational speed 
corresponding to a maximum transfer rate of input data; a recording 
head for recording data by scanning a track on the disk; recording 
data forming means for converting the input data to recording data 
having a transfer rate N times the maximum transfer rate and, in 
addition, adding, to the recording data , transfer rate information 
of the input data on a track-by-track basis and supplying it to 
the recording head; and control means for controlling the number 
of times the recording head scans the same track based on the transfer 
rate information of the input data. 

A disk reproducer according to the present invention, which 
is a disk reproducer that uses, as a recording medium, a disk on 
which data and transfer rate information of the data are recorded 
together on a track-by-track basis, solves the above problems by 
comprising: driving means for causing a disk to rotate at a 
rotational speed N times a disk rotational speed corresponding 
to a maximum transfer rate of reproduction data; a reproducing 
head for consecutively reproducing recorded data by scanning a 
track on the disk; data reproduction means for reproducing the 
reproduction data based on a reproduction signal from the 
reproducing head, and detecting transfer rate information of the 
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reproduction data; and control means for controlling the number 
of times the reproducing head scans the same track based on the 
transfer rate information detected by the data reproduction means . 

F. Mode of Operation 

A disk recorder according to the present invention causes 
a disk to rotate at a rotational speed N times a disk rotational 
speed corresponding to the maximum transfer rate of input data, 
converts the input data to recording data having a transfer rate 
N times themaximum transfer rate of the input data, and, inaddition, 
adds, to the recording data, transfer rate information of the 
input data on a track-by- track basis and supplies it to the recording 
head. Then, based on the transfer rate information of the input 
data, the number of times the recording head scans the same track 
is controlled and thus the recording data are recorded on the disk, 
whereby various input data having different data transfer rates 
are recorded on a single disk in a mixed manner. 

A disk reproducer according to the present invention uses 
a disk that uses, as a recording medium, a disk on which data and 
transfer rate information of the data are recorded together on 
a track-by-track basis; causes this disk to rotate at a rotational 
speed N times a disk rotational speed corresponding to the maximum 
transfer rate of reproduction data; and detects the transfer rate 
information of the reproduction data recorded on the disk. Then, 
based on the transfer rate information, the number of times the 



reproducing head scans the same track is controlled, whereby from 
a disk on which various data having different data transfer rates 
are recorded, respective data are reproduced at data transfer rates 
defined by the respective data. 

G. Embodiment 

Hereinafter, an embodiment of a disk recorder and a disk 
reproducer according to the present invention will be described 
with reference to the accompanying drawings. FIG. 1 is a block 
diagram illustrating an exemplary structure of a magneto-optical 
disk drive to which the disk recorder and the disk reproducer 
according to the present invention are applied. 

First, the structure of the magneto-optical disk drive as 
illustrated in FIG. 1 will be described. 

In FIG. 1, a disk 1 is rotated by a spindle motor 2 at a 
constant rotational speed which is N times a disk rotational speed 
corresponding to a maximum transfer rate of input data supplied 
via a terminal 20 or of reproduction data to be outputted via the 
terminal 20. For example, N is set to 1, and it is rotated at 
a constant linear velocity (CLV) or at a constant angular velocity 
(CAV) . In this embodiment, N is assumed to be 1, hereinafter. 
The disk lis, for example, a magneto-optical disk, in which grooves 
formed in a spiral pattern or concentrically or land portions 
between grooves are used as recording tracks; various data 
subjected to a predetermined modulation are recorded on these 



tracks by so-called magneto thermal recording; and these data 
recorded thereon are reproduced. Specifically, on the tracks, 
synchronization signals, address information, data, and the like 
are recorded alternately along the tracks according to a 
predetermined format; the synchronization signals are used to 
establish synchronization at the time of data recording and data 
reproduction; and the address information is used to manage data. 
On areas on which data is recorded, various data (e.g., data of 
a music program or a video program, etc.) are recorded together 
with transfer rate information corresponding to an error correction 
(ECC) code and the type of the recorded data. 

An optical head 3 is composed of, for example, a laser light 
source (e.g., a laser diode), an optic (e.g., a collimator lens, 
an objective lens, a polarization beam splitter, a cylindrical 
lens, etc. ) , a photo-detector divided so as to have a predetermined 
positional arrangement, and the like; when data is recorded on 
the disk 1, a laser beam from the laser light source is 
pulse-modulated by a laser driving circuit 16 under a magnetic 
field generated by the coil 17 based on recording data, and the 
resultant laser beam is applied to a recording surface of a target 
track of the disk 1, and data recording is performed by magneto 
thermal recording; and when data is reproduced from the disk 1, 
a laser beam is applied to a recording surface of a target track 
of the disk 1, and in conjunction with an RF circuit 4 having a 
matrix structure, a difference in polarizing angle (Keer rotation 
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angle) between reflected lights from the recording surface is 
detected to generate a reproduction signal, and in addition, for 
example, a focus error signal is detected by a so-called astigmatism 
method, and, for example, a tracking error signal is detected by 
a so-called push-pull method. 

The RF circuit 4 binarizes the reproduction signal and 
supplies the resultant signal to a demodulation circuit 5, and, 
in addition, supplies the focus error signal and the tracking error 
signal to a servo control circuit 11. 

The demodulation circuit 5 is composed of, for example, a 
phase lock loop (hereinafter referred to as an "PLL"), a 
synchronization detection circuit, a demodulator, and the like. 
Specifically, the PLL reproduces from the binarized signal a clock 
signal recorded on the disk 1. The synchronization detection 
circuit uses the clock signal from the PLL to detect a 
synchronization signal from the binaraized signal, thereby 
bringing about synchronization, and in addition, performs 
synchronization protection for preventing synchronization from 
being broken when a synchronization signal cannot be detected 
because of influence of a drop-out, a jitter, or the like. The 
demodulator demodulates the binarized signal according to a 
predetermined demodulation method, and, for example, in addition 
to converting it into 8-bit-per-symbol reproduction data, detects 
the transfer rate information, which is recorded on the disk 1 
together with data. The demodulation circuit 5 supplies the 



reproduction data to a data controller 6, and supplies information 
required for system control, such as the clock signal, the 
synchronization signal, the transfer rate information, or the like, 
to a system controller 12. 

When reproducing data, under control of the system controller 
12, the data controller 6 temporarily stores the reproduction data 
from the demodulation circuit 5 into a memory 7, and controls the 
memory 7 and an error correction (ECC) circuit 8 so that the 
reproduction data temporarily stored in the memory 7 is subjected 
to error correction in the error correction circuit 8. The data 
controller 6 supplies the reproduction data subjected to error 
correction to a switch circuit 9. When recording data, the data 
controller 6 temporarily stores input data supplied via the switch 
circuit 9 into the memory 7, and controls the memory 7 and the 
error correction circuit 8 so that an error correction code is 
added to the input data temporarily stored in the memory 7 in the 
error correction circuit 8. Then, the data controller 6 supplies 
the input data to which the error correction code has been added 
to a modulation circuit 15. In order to determine whether the 
input data has been recorded on the disk 1 properly, the data 
controller 6 also compares the input data stored in the memory 
7 with the reproduction data from the demodulation circuit 5, and 
supplies the comparison result to the system controller 12. 

When reproducing data, under control of the system controller 
12, the switch circuit 9 switches between outputting the 



reproduction data from the data controller 6 directly to the 
terminal 20 and outputting it to the terminal 20 via a one track 
memory 10; and when recording data, the switch circuit 9 switches 
between supplying the input data supplied via the terminal 20 
directly to the data controller 6 and supplying it to the data 
controller 6 via the one track memory 10. 

When reproducing data, the one track memory 10 temporarily 
stores reproduction data corresponding to one track which has been 
subj ected to error correction and supplied from the data controller 
6, and, at the time when the optical head 3 starts moving to the 
next track, outputs the stored reproduction data via the switch 
circuit 9 and the terminal 20 such that the reproduction data is 
outputted at data transfer rates defined in accordance with the 
types of the reproduction data . When recording data, the one track 
memory 10 accumulates input data consecutively supplied via the 
switch circuit 9, and, at the time when input data corresponding 
to one track has been accumulated, supplies the stored input data 
corresponding to one track to the data controller 6 via the switch 
circuit 9. Specifically, for example, the one track memory 10 
is composed of a first memory and a second memory each of which 
has a capacity for one track; and when reproducing data, data which 
is reproduced while the optical head 3 scans one track is stored 
in the first memory, and in addition, data which has been stored 
in the second memory while the optical head 3 scanned the previous 
track is outputted as reproduction data via the terminal 20. at 



defined data transfer rates . Also, while data which is reproduced 
from the disk 1 is being stored in the second memory, data stored 
in the first memory is outputted as reproduction data via the 
terminal 20 at defined data transfer rates. Such alternate use 
of the first memory and the second memory results in consecutive 
output of the reproduction data which is outputted from the one 
track memory 10 via the terminal 20. Meanwhile, when recording 
data, while input data corresponding to one track which is 
consecutively supplied is being accumulated in the first memory, 
input data corresponding to one track which has been accumulated 
in the second memory is supplied to the data controller 6. Also, 
while input data corresponding to one track is being accumulated 
in the second memory, input data corresponding to one track which 
has been accumulated in the first memory is supplied to the data 
controller 6 . Such alternate use of the first memory and the second 
memory makes it possible to supply the input data which is 
consecutively supplied via the terminal 20 to the data controller 
6 via the switch circuit 9 without loss. 

The modulation circuit 15 applies a predetermined modulation 
to the input data to which has been added the error correction 
code and which is supplied from the data controller 6 by employing, 
e.g., a clock signal from the system controller 12 to convert it 
into recording data having a transfer rate equal to the maximum 
transfer rate of the input data, and, in addition, makes an addition 
of transfer rate information from the system controller 12, and 
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supplies the recording data to which the transfer rate information 
has been added to the laser driving circuit 16. 

The laser driving circuit 16 pulse-modulates the laser light 
source of the optical head 3 based on the recording data under 
the magnetic field generated by the coil 17, as described earlier. 
As a result, data are recorded on the tracks of the disk 1. 

The servo control circuit 11 is composed of, for example, 
a focus servo control circuit, a tracking servo control circuit, 
a spindle motor servo control circuit, a thread servo control 
circuit, and the like. Specifically, the focus servo control 
circuit drives the objective lens of the optical head 3 in the 
direction of an optical axis so that the focus error signal from 
the RF circuit 4 becomes zero. The tracking servo control circuit 
drives the objective lens of the optical head 3 in the radial 
direction of the disk so that the tracking error signal from the 
RF circuit 4 becomes zero . The spindle motor servo control circuit 
controls the spindle motor 2 so that the PLL of the demodulation 
circuit 5 is locked. The thread servo control circuit moves the 
optical head 3 in the radial direction of the disk based on a control 
signal from the system controller 12. The servo control circuit 
11 thus constructed supplies to the system controller 12 
information indicating operation states of respective sections 
controlled by the servo control circuit 11. 

The system controller 12 controls the demodulation circuit 
5, the data controller 6, the memory 7, the error correction circuit 
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8, the switch circuit 9, the one track memory 10, the servo control 
circuit 11, the modulation circuit 15, and the coil 17 , as described 
above, by using operation status information as to the respective 
sections supplied from the servo control circuit 11, information 
required for system control supplied from the demodulation circuit 
5, and transfer rate information supplied via a terminal 21 or 
the transfer rate information which is supplied together with the 
input data via the terminal 20. 

Thus, in the present embodiment , at the time of data recording, 
driving means for rotating the disk 1 at a rotational speed N times 
the disk rotational speed corresponding to the maximum transfer 
rate of the input data is formed by the spindle motor 2, the RF 
circuit 4, and the servo control circuit 11; the optical head 3 
is employed as a recording head for recording data by scanning 
the tracks of the disk 1 ; recording data f ormingmeans for converting 
the input data into recording data having a transfer rate N times 
the maximum transfer rate of the input data and, in addition, adding 
the transfer rate information of the input data to the recording 
data on a track-by-track basis and supplying the resultant data 
to the optical head 3 is formed by the data controller 6, the memory 
7, the error correction circuit 8, the modulation circuit 15, and 
the laser driving circuit; and control means for controlling the 
number of times the optical head 3 scans one track based on the 
transfer rate information of the input data is formed by the servo 
control circuit 11 and the system controller 12. 



At the time of data reproduction, the disk 1 is employed 
as a disk on which is recorded data and the transfer rate information 
of the data on a track-by-track basis; driving means for rotating 
the disk 1 at the rotational speed N times the disk rotational 
speed corresponding to the maximum transfer rate of the 
reproduction data is formed by the spindle motor 2, the RF circuit 
4, and the servo control circuit 11; the optical head 3 is employed 
as a reproducing head for reproducing data which is consecutively 
recorded by scanning the tracks of the disk; data reproduction 
means for reproducing the reproduction data based on a reproduction 
signal from the optical head 3 and, in addition, detecting the 
transfer rate information of the reproduction data is formed by 
the RF circuit 4 to the error correction circuit 8; and control 
means for controlling the number of times the optical head 3 scans 
one track based on the transfer rate information detected by the 
data reproduction means is formed by the servo control circuit 
11 and the system controller 12. 

Next, an operation that is performed when data is recorded 
on a magneto-optical disk drive constructed as above will be 
described. 

Assume here that the rotational speed of the disk 1 is 1800 
rpm, that one track of the disk 1 is composed of 10 sectors (i.e. , 
10 sectors/track) , that one sector is composed of 98 segments (i.e., 
98 segments/sector) , and that data capacity within one segment 
usable by a user is 2 4 bytes. That is, if N=l as described above, 
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the maximum data transfer rate for data that is supplied via the 
terminal 20 is 300 (1800^60*10) sectors/second. The transfer rate 
of the input data which is supplied via the terminal 20 is defined 
in accordance with the data type thereof, and if the value thereof 
is expressed as R sectors/second, the number of times (hereinafter 
referred to as a "trace number") n the disk 1 rotates within a 
time required for data corresponding to one track (i.e., 10 sectors) 
to be inputted is 300-^R*N. 

For example, if the transfer rate of the input data that 
is supplied via the terminal 20 is 300 sectors/second, the trace 
number n is Also, for example, if the input data that is 

supplied via the terminal 20 is data according to the CD-DA mode 
in the so-called CD-I (CD-Interactive media) , since the data 
transfer rate R as defined for the CD-DA mode is 75 sectors/second, 
the trace number n is "4". Also, for example, if the input data 
is data according to the B level/stereo mode, which data is obtained 
by compressing data according to the CD-DA mode in the CD-I by 
a factor of 4, since the data transfer rate R as defined for the 
B level/stereo mode is 18.75 sectors/second, the trace number n 
is "16". 

In FIG. 1, the system controller 12 calculates the trace 
number n based on the transfer rate information supplied via the 
terminal 21 or the transfer rate information supplied together 
with the input data via the terminal 20 as described above, i.e., 
based on the data transfer rate R, and controls switching in the 



switch circuit 9 and movement of the optical head 3 in the radial 
direction of the disk. Then, while the disk 1 rotates n times, 
it consecutively stores, into a target track, input data 
corresponding to one track accumulated in the one track memory 
10. 

Specifically, in the case where the transfer rate information 
supplied via the terminal 21 or the transfer rate information 
supplied together with the input data via the terminal 20 indicates 
300 sectors/second, for example, the system controller 12 controls 
the switch circuit 9 so that, in the switch circuit 9, a contact 
9a is connected to a contact 9c, and a contact 9d is connected 
to a contact 9f; controls the servo control circuit 11 so that 
the optical head 3 moves to the next track each time the disk 1 
rotates by 360 degrees; and, in addition, supplies the transfer 
rate information to the modulation circuit 15 in order to control 
the transfer rate of reproduction data at the time of data 
reproduction. As a result, input data corresponding to one track, 
which are consecutively supplied via the terminal 20 at the data 
transfer rate R of 300 sectors/second each time the disk 1 rotates 
by 360 degrees, are subjected to a predetermined modulation or 
the like, and then consecutively recorded on the disk 1 together 
with the transfer rate information for controlling the transfer 
rate of the reproduction data. 

Also, in the case where the transfer rate information 
supplied via the terminal 21 or the terminal 20 indicates 75 



sectors/second, for example, the system controller 12 controls 
the switch circuit 9 so that, in the switch circuit 9, the contact 
9a is connected to a contact 9b, and the contact 9f is connected 
to a contact 9e; controls the one track memory 10 such that input 
data corresponding to one track which are consecutively supplied 
are accumulated alternately in the first memory and second memory 
of the one track memory 10, and at the time when input data 
corresponding to one track have been accumulated in each memory, 
the accumulated input data corresponding to one track are read 
out and supplied to the data controller 6; controls the servo control 
circuit 11 so that each time the disk 1 rotates by 360 degrees 
four times, the optical head 3 moves to the next track; and, in 
addition, supplies the transfer rate information to the modulation 
circuit 15 in order to control the transfer rate of the reproduction 
data at the time of data reproduction. As a result, input data 
- corresponding to one track, which are supplied via the terminal 
20 every time the disk 1 rotates by 360 degrees four times at 75 
sectors/second, are subjected to a predetermined modulation or 
the like, converted to recording data having a data transfer rate 
of 300 sectors/second, and consecutively recorded on the disk 1 
together with the transfer rate information. Note that, for 
example, when input data accumulated in the first memory of the 
one track memory 10 are recorded onto a target track of the disk 
1, until input data for the next track are accumulated into the 
second memory of the one track memory 10 and the recording of the 



input data accumulated in the second memory onto the next track 
is started, i.e., while the disk 1 rotates by 360 degrees four 
times, the input data accumulated in the first memory is reproduced 
to verify whether the recording of the input data has been performed 
properly, and if the data recording has not performed properly, 
data recording onto the same track is performed again. 

Also, in the case where the transfer rate information 
supplied via the terminal 21 or the terminal 20 indicates 18.75 
sectors/second, for example, the system controller 12 controls 
the switch circuit 9 so that, in the switch circuit 9, the contact 
9a is connected to the contact 9b and the contact 9f is connected 
to the contact 9e; controls the one track memory 10 so that input 
data corresponding to one track which are consecutively supplied 
are accumulated alternately into the first memory and secondmemory 
of the one track memory 10, and at the time when input data 
corresponding to one track have been accumulated in each memory, 
the accumulated input data corresponding to one track are read 
out and supplied to the data controller 6; controls the servo control 
circuit 11 so that the optical head 3 moves to the next track each 
time the disk 1 rotates by 360 degrees sixteen times ; and, in addition, 
supplies the transfer rate information to the modulation circuit 
15 in order to control the transfer rate of the reproduction data 
at the time of data reproduction. As a result, input data 
corresponding to one track, which are supplied via the terminal 
20 at 18.75 sectors/second each time the disk 1 rotates by 360 
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degrees sixteen times, are subjected to a predetermined modulation 
or the like, converted to recording data with 300 sectors/second, 
and consecutively recorded onto the disk 1 together with the 
transfer rate information. Note that, while the disk 1 rotates 
by 360 degrees sixteen times, similar to the above, a data 
reproduction operation and verification are repeatedly performed 
until input data corresponding to one track which are accumulated 
in the first memory or second memory of the one track memory 10 
have become recorded properly. 

As described above, the disk 1 is caused by the spindle motor 
2 to rotate at a disk rotational speed (N=l) corresponding to the 
maximum transfer rate of the input data; the input data is converted 
in the modulation circuit 15 to the recording data having a transfer 
rate equal to the maximum transfer rate (N=l) of the input data; 
and, in addition, the transfer rate information of the input data 
which are supplied via the terminal 20 or the terminal 21 is added 
on a track-by-track basis. Then, by controlling the number of 
times the optical head 3 scans the same track based on the transfer 
rate information and storing the recording data into a target track, 
it is made possible to consecutively record the input data such 
that there will be no sectors on which no data is recorded, in 
contrast to the case of data in the conventional B level/stereo 
mode where data are recorded every 4 sectors as illustrated in 
FIG. 2., for example. Also, controlling the number of times the 
optical head 3 scans the same track based on the transfer rate 



information of the input data makes it possible to consecutively 
record onto the disk 1 various types of input data having different 
data transfer rates; and further, even if the optical head 3 suffers 
an off-track because of vibration or the like, for example, data 
can be properly recorded onto a target track of the disk 1 if only 
the optical head 3 properly scans the target track at least once. 

Next, an operation which is performed when data is reproduced 
from the magneto-optical disk drive illustrated in FIG. 1 will 
be. described. 

As with the case of the data recording operation described 
above, assume here that the rotational speed of the disk 1 is 1800 
rpm, that one track of the disk 1 is composed of 10 sectors (i.e., 
10 sectors /track) , that one sector is composed of 98 segments (i.e., 
98 segments/sector) , and that data capacity within one segment 
usable by a user is 24 bytes. That is, if N=l as described above, 
the maximum data transfer rate for data that is outputted via the 
terminal 20 is 300 (1800-^60x10) sectors/second. The transfer rate 
of the reproduction data which is outputted via the terminal 20 
is defined in accordance with the data type thereof, and if the 
value thereof is expressed as R sectors/second, the number of times 
(hereinafter referred to as a "trace number" ) n the disk 1 is required 
to rotate for outputting data corresponding to one track (i.e., 
10 sectors) is 300-^R. 

For example, if data recorded on the disk 1 is data whose 
data transfer rate R when the data is reproduced and outputted 



via the terminal 20 is 300 sectors/second, the trace number n is 
"1". Also, for example, if the data recorded on the disk 1 is 
data according to the CD- DA mode in the CD-I , since the data transfer 
rate R as defined for the CD-DA mode is 75 sectors/second, the 
trace number n is "4". Also, for example, if the data recorded 
on the disk 1 is data according to the B level/stereo mode in the 
CD-I , since the data transfer rate Ras defined for the B level /stereo 
mode is 18.75 sectors /second, the trace number n is "16". 

In FIG . 1, the system controller 12 calculates the trace 
number n based on the transfer rate information detected by the 
demodulation circuit 5, the transfer rate information having been 
recorded together with data on a track-by-track basis at the time 
of data recording as described above, i.e., based on the data 
transfer rate R, and controls switching in the switch circuit 9 
and the movement of the optical head 3 in the radial direction 
of the disk. 

Specifically, in the case where the transfer rate information 
from the demodulation circuit 5 indicates 300 sectors/second, for 
example, the system controller 12 controls the switch circuit 9 
so that, in the switch circuit 9, the contact 9a is connected to 
the contact 9c and the contact 9d is connected to the contact 9f ; 
and, in addition, controls the servo control circuit 11 so that 
the optical head 3 moves to the next track each time the disk 1 
rotates by 360 degrees. As a result, the reproduction data which 
is reproduced each time the disk 1 rotates by 360 degrees are 



consecutively outputted via the terminal 20 at a data transfer 
rate of 300 sectors/second. 

Also, in the case where the transfer rate information from 
the demodulation circuit 5 indicates 7 5 sectors /second, for example, 
the system controller 12 controls the switch circuit 9 so that, 
in the switch circuit 9, the contact 9a is connected to the contact 
9b and the contact 9f is connected to the contact 9e; controls 
the servo control circuit 11 so that the optical head 3 moves to 
the next track each time the disk 1 rotates by 360 degrees four 
times; and, in addition, controls the one track memory 10 such 
that each time the optical head 3 moves by one track, reproduction 
data corresponding to one track, which are reproduced by the optical 
head 3 scanning the same track four times, is alternately recorded 
onto the first memory and second memory of the one track memory 
10, and the reproduction data recorded on each memory will be 
outputted at a data transfer rate of 7 5 sectors /second. As a result , 
reproduction data corresponding to one track, which are reproduced 
each time the disk 1 rotates by 360 degrees four times, are 
consecutively outputted via the terminal 20 at a data transfer 
rate of 75 sectors/second. Note that while, for example, the 
reproduction data recorded on the first memory of the one track 
memory 10 are being outputted, i.e., while the optical head 3 scans 
the next track four times to store reproduction data into the second 
memory, even if an off-track of the optical head 3 occurs because 
of vibration or the like, for example, the reproduction data can 



be properly stored in the second memory if only the optical head 
3 scans the relevant track properly at least once. 

Also, in the case where the transfer rate information from 
the demodulation circuit 5 indicates 18.75 sectors/second, for 
example, the system controller 12 controls the switch circuit 9 
so that, in the switch circuit 9, the contact 9a is connected to 
the contact 9b and the contact 9f is connected to the contact 9e; 
controls the servo control circuit 1 so that the optical head 3 
moves to the next track each time the disk 1 rotates by 360 degrees 
sixteen times; and, in addition, controls the one track memory 
10 such that each time the optical head 3 moves by one track, 
reproduction data corresponding to one track, which have been 
reproduced by the optical head 3 scanning the same track sixteen 
times, are recorded alternately onto the first memory and second 
memory of the one trackmemory 10 , and the reproduction data recorded 
on each memory will be outputted at a data transfer rate of 18.75 
sectors/second. As a result, reproduction data corresponding to 
one track, which are reproduced each time the disk 1 rotates by 
360 degrees sixteen times, are consecutively outputted via the 
terminal 20 at a data transfer rate of 18 . 75 sectors/second. Note 
that while, for example, the reproduction data recorded on the 
first memory of the one track memory 10 is being outputted, i.e. , 
while the optical head 3 scans the next track sixteen times to 
store reproduction data into the secondmemory , even if an off-track 
of the optical head 3 occurs because of vibration or the like, 



for example, the reproduction data can be properly stored in the 
second memory if only the optical head 3 scans the relevant track 
properly at least once. 

As described above, the disk 1 is caused by the spindle motor 
2 to rotate at a disk rotational speed (N=l) corresponding to the 
maximum transfer rate of the reproduction data; the transfer rate 
information recorded on the disk 1 is detected in the demodulation 
circuit 5; and the number of times the optical head 3 scans the 
same track is controlled based on the transfer rate information 
and data reproduction is performed. This makes it possible to 
consecutively output the reproduction data at a data transfer rate 
in accordance with the type of the data, i.e., at a data transfer 
rate defined by the type of the data. Even if an off-track of 
the optical head 3 occurs because of vibration or the like, for 
example, the data can be reproduced properly if only the optical 
head 3 scans a target track properly at least once while it scans 
the same track n number of times. 

It is to be appreciated that the present invention is not 
limited to the above-described embodiment, and can naturally be 
applied to, for example, a so-called CD-ROM, a write-once optical 
disk drive, an optical memory card, a magnetic disk drive, or the 
like. The present invention can also be applied to a disk drive 
which uses a disk which rotates at a constant linear velocity (CLV) . 

In the case where tracks are formed on the disk 1 in a spiral 
pattern, each time the optical head 3 has scanned a track, the 
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optical head 3 is caused to jump by one track to the previous track, 
so that the same track is scanned n number of times. Also, the 
above-described transfer rate information may be recorded on an 
area on which a so-called directory is recorded or on a so-called 
ID area within a track. 

H. Effect of the Invention 

As is clear from the foregoing descriptions, in a disk 
recorder according to the present invention, the driving means 
is used to cause a disk to rotate at a rotational speed N times 
the disk rotational speed corresponding to the maximum transfer 
rate of the input data; the recording data forming means is used 
to convert the input data to recording data having a transfer rate 
N times the maximum transfer rate of the input data and, in addition, 
to add, to the recording data, the transfer rate information of 
the input data on a track-by-track basis and supply it to the 
recording head; and the control means is used to control, based 
on the transfer rate information, the number of times the recording 
head scans the same track to perform data recording. This makes 
it possible to consecutively record the input data such that there 
will be no sectors on which no input data is recorded, in contrast 
to the case of, for example, data in the conventional B level/stereo 
mode, where data is recorded every 4 sectors. In addition, 
controlling the number of times the recording head scans the same 
track based on the transfer rate information of the input data 



makes it possible to consecutively record, onto tracks of the disk, 
various types of input data having different data transfer rates, 
with no need for a buffer area for changing the rotational speed 
of the disk or a control circuit for changing the rotational speed 
of the disk as in conventional disk recorders. That is, a disk 
recorder is realized that has a simpler circuit structure and a 
large capacity usable by a user. 

Further, even if an off-track of the recording head occurs 
because of vibration or the like, for example, data can be properly 
recorded on a target track of the disk if only the recording head 
scans the target track properly at least once. 

Also, in a disk reproducer according to the present invention, 
a disk is used on which data and the transfer rate information 
of the data are recorded on a track-by-track basis; the driving 
means is used to cause the disk to rotate at a rotational speed 
N times the disk rotational speed corresponding to the maximum 
transfer rate of the reproduction data; the data reproduction means 
is used to reproduce the reproduction data and, in addition, detect 
the transfer rate information of the reproduction data; and the 
control means is used to control the number of times the reproducing 
head scans the same track based on the transfer rate information 
to perform data reproduction. This makes it possible to 
consecutively reproduce various data having mutually different 
data transfer rates, which are recorded on the disk in a mixed 
manner, such that each data is reproduced at a data transfer rate 
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defined by the data, with no need for a buffer area for changing 
the rotational speed of the disk or a control circuit for changing 
the rotational speed of the disk as in conventional disk reproducers . 
That is, a disk reproducer is realized that has a simpler circuit 
structure and a large capacity usable by a user. Also, even if 
an off-track of the reproducing head occurs because of vibration 
or the like, for example, data can be reproduced properly if only 
the reproducing head scans a target track properly at least once 
while the reproducing head scans the same track n number of times. 

4. Brief Description of the Drawings 

FIG . 1 is a block diagram illustrating an exemplary structure 
of a magneto-optical disk drive to which are applied a disk recorder 
and a disk reproducer according to the present invention; FIG. 
2 is a diagram illustrating a format used in the present invention; 
and FIG. 3 is a diagram illustrating formats for the CD-I. 

1 disk, 2 spindle motor, 3 optical head, 4 RF circuit, 
5 demodulation circuit, 6 data controller, 7 memory, 8 error 
correction circuit, 10 one track memory, 12 system controller, 
15 modulation circuit, 16 laser driving circuit 
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